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[571 ABSTRACT

A process for the preparation of antioxidant aromatic
amides using carboxylic esters, alkoxide and amide
bases, and primary amines as starting materials. Unsat-
urated products produced using this process are suffi-
ciently pure for use as comonomers in the preparation
of elastomers.
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1
PREPARATION OF ANTIOXIDANT AMIDES

This invention relates to an improved process for pre-
paring antioxidant compositions. More particularly the
invention relates to a process for preparing aromatic
amides which give polymer compositions containing
these aromatic amides a high degree of resistance to
the deleterious cffects of oxidative aging over a pro-
longed period of time.

Natural and synthetic rubbers of essentially all types
and particularly diene rubbers are known to be suscep-
tible to deterioration resulting from exposure to oxida-
tive aging. Much effort has been ¢xpended to develop
various antioxidants that will effectively inhibit the ad-
verse cffects of polymer aging. Many of the antioxi-
dants in current use may be volatilized when the poly-
mer products are exposed to clevated temperatures for
a prolonged period of time. These antioxidants are also
_rather quickly extracted from polymer compositions by
repeated washings with aqueous detergent solutions or
a wide range of organic solvents. These severe condi-
tions are cncountered, for cxample, by rubber backed
fabrics which are subjected to frequent launderings and
dry cleaning.

Aromatic amides are currently prepared with poten-
tially toxic materials such as acyl chlorides. The prepa-
ration requires the use of cxpensive glass lined reactors.
Some reactions produce by-products such as hydro-
chloric acid which must be disposed safely.

Ester/amine procedures for the production of N-
substituted aromatic methacrylamides produce an in-
termediate metallic salt which is hydrolyzed in solution
to produce the methacrylamide. These methacryla-
mides as obtained prevent copolymerization unless cx-
tensive purification of the methacrylamides is carried
out.

It is an object of the present invention to provide an
improved process of manufacturing antioxidant am-
ides. Further objects will become apparent to those
skilled in this art as the description proceeds.

It has now been discovered that methacrylamides

produced by an ester/amine process can be made suffi-.

ciently pure to be used as comonomers in- polymeri-
zation reactions and act as built-in antioxidants to pre-
vent oxidative degradation. Non-polymerizable metha-
crylamides are produced in an equally pure condition.

Prior art ester/amine procedures consist essentially
of simply hydrolyzing the entire solution without the
removal of the intermediate metallic salt. The product
-of the previous procedures was contaminated with
sstarting materials such as p-aminodiphenylamine which
completely stopped copolymerization processes nor-
.mally possible with amides produced from unsaturated
ester starting materials. The process of this invention
‘isolates the intermediate salt, washes it with a suitable
organic solvent, and then hydrolyzes only the salt, pro-
ducing a monomer which can be copolymerized or
‘built-in to polymeric materials. Non-polymerizable am-
-ides are also produced in a pure condition.

In accordance with the present invention amides are
synthesized by reacting simple aliphatic or aromatic es-
ters, both saturated and unsaturated. having the gen-
eral formula (A)
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with aromatic amines having the general formula (B)

in the presence of (C) a base selected from the group
consisting of alkoxides, amides and hydrides. The reac-
tion produces a metallic salt which is removed from the
solution, washed with an organic solvent and hydro-
lyzed with dilute acid to form antioxidant amides of the
general formula (D) '

(B)

0
3 H H n

wherein R! is a radical selected from the group consist-
ing of alkyl radicals having from one to 20 carbon
atoms, alkenyl radicals having from one to 10 carbon
atoms, aryl radicals having from six to 12 carbon atoms
and cycloalkyl radicals having from five to 12 carbon
atoms, R? is a radical selected from the group consist-
ing of alkyl radicals having from one to 10 carbon
atoms and alkenyl radicals having from one to 10 car-
bon atoms, and R? is a radical selected from the group
consisting of alkyl radicals having from one to 20 car-
bon atoms, cycloalkyl radicals having from five to 12
carbon atoms, aryl radicals having from six to 12 car-
bon atoms and aralkyl radicals having from seven to 13

‘carbon atoms.

Representative cxamples of radicals R!, R? and R?
useful in the practice of this invention are alkyl radicals
such as methyl, ethyl, butyl, pentyl, octyl, decyl, tetra-
decy! and cicodecyl; aryl radicals such as phenyl napt-
hyl and pentyl phenyl; cycloalkyls:such as.cyclopentyl,
cyclohexyl, dicyclohexyl cycloheptyl and cyclodode-
cyl; aralkyl radicals such as benzyl, methy! benzyl, hep-
tyl phenyl and cthyl phenyl and alkenyl radicals such as
ethenyl, propenyl, butenyl, pcntenyl hexenyl, octenyl,
nonenyl and decenyl.

The process of the present mventlon is carried out'in
an organic solvent. Representative examples of sol-
vents useful in the process of this invention are benzene
and toluene.

Representative cxamples of the compounds which
can be used in the practice of this invention are given
below.

Group A

methylmethacrylate
methy! isobutyrate
methyl benzoate
methyl phenylacetate
cthyl cinnamate
cthyl crotonate

"~ cthyl acetate

ethyl laurate

. Group B

p-aminodiphenylamine

N-isopropyl paraphenylene diamine
N-hexyl paraphenylene'diamine
N-cyclohexyl paraphenylene diamine
p-amino-4’-methyl dipheny! amine
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p-amino-4’-ethoxy diphenyl amine
p-amino-4’-methoxy diphenyl amine
p-amino-4'-(N,N-dimethylamine) diphenylamine
p-amino-4'-isopropyl diphenylamine
2,6-di-t-hexyl-4-amino phenol
2,6-di-t-butyl-4-amino phenol

Group C -

sodium methoxide
potassium methoxide
potassium tert.butoxide
lithium methoxide
sodium amide
lithium ethoxide
sodium tert.butoxide
sodium hydride
lithium hydride
Representative examples of amide compounds are
given below.

Group D

N-(4-anilinophenyl) methacrylamide
N-(4-anilinophenyl) benzamide
N-(4-anilinophenyl)-n-butyramide
N-(4-isopropylphenyl) methacrylamide
N-(anilinophenyl) cinnamamide

The synthesis described .in this application comprises
first mixing approximately equivalent molar amounts of
the primary aromatic amine and base in a suitable or-
ganic solvent and then slowly adding the ester. The
mettalic base abstracts a hydrogen from the amine, re-
placing with metal and forming an alcohol and an alkali
amine sait. Next the solution is refluxed and the alcohol
or alcohol/solvent azeotrope distillate is removed. The
distillate is cooled. The intermediate metal salt formed
is removed from solution and washed with an organic
solvent such as hexane, toluene or xylene, until the
washed solution is clear. The salt is dried and hydro-
lyzed with dilute acid to form a solid product. The solid
product is then removed from solution and air dried at
room temperature. This ester process produces no
troublesome byproducts.

The primary amines and base can be mixed in any
molar ratios desired. The most preferred molar ratio is
1:1 amine:base, although molar ratios of from 1:10 to
10:1 amine:base have been used. The primary amine/-
base mixture is added to the ester in a molar ratio of
from 10:1 to 1:10 amine:ester. The reaction between
the aminc and the ester is essentially a 1:1 molar reac-
tion such that an cxcess of one reactant over the other
has no effect on the reaction.

The amide compounds described herein are useful as
antioxidants in clastomers. They can be incorporated
into the clastomer by conventional techniques well
known to those of ordinary skill in this art such as by
addition to polymer latices or to solid polymers in a
Banbury mixer or on a mill. An amide formed from an
unsaturated ester such as methyl methacrylate is co-
polymerizable with conventional unsaturated mono-
mers such as those used in the preparation of unsatu-
rated synthetic clastomers. When copolymerized with
these monomers, the amide products become a part of
the clastomer molecule, are nonvolatile and are not
casily extracted. )

In addition to antioxidant amides, the polymer com-
position can contain other compounding materials-such
as additives and reinforcing materials which are nor-
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mally used with vulcanized rubber products. Represen-
tative examples of such additives are metal oxides, rein-
forcing agents, pigments, fillers, softening agents, other
antioxidants, plasticizing agents, ctc.
Polymers that can be protected by addition of the
amides described herein are vulcanized and unvulcan-

. ized polymers which are susceptible to oxidative degra-

dation. -Examples representative of such polymers are
natural rubber, gutta percha, balata and rubbery syn-

‘thetic polymers containing carbon to- carbon double

bonds. butyl rubber which is a polymerization product
of a major proportion of a monoolefin and minor pro-
portion of a multiolefin such as butadiene or isoprene,
polychloroprene, homopolymers of a conjugated 1,3-
diene such as isoprene and butadiene containing up to
50 percent by wcight of at least one copolymerizable
monomer such as styrene and/or acrylonitrile. Other
representative polymers are polypropylene, -polyethyl-
ene, ethylene propylene copolymers and terpolymers
of ethylene propylene and a nonconjugated diene.
When added in free state normally from about .1 to 5.0
percent of the antioxidant based on the weight of the
polymer can be used. Generally from about 1.0 to 3.0
percent by weight of the polymer will be used.

The following examples illustrate the practice of the
present invention. Unless otherwise indicated all parts

and percentages are by weight.

EXAMPLE 1

A two-liter flusk was charged with 120 grams (.65
mole) of p-aminodiphenylamine followed by 700 milli-
liters of benzene while under a slow nitrogen purge.
The mixture was stirred until solution was achieved:
Forty grams (.73 mole) of fresh sodium methoxide was
added. The solution was stirred for an additional 10
minutes. Eighty-one milliliters (.75 mole) of methyl-
methacrylate was added and the solution was refluxed
forming an intermediate sodium salt and methanol. A

benzene/methanol azeotrope was slowly distilled off as-

formed during the reaction. 325 to 350 Milliliters of the
azeotrope was collected. The reaction was cooled to
room temperature. The salt was filtered from the mix-
ture and washed with hexane until the filtrate liquid
was clear. The salt was dried in air and hydrolyzed with
dilute hydrochloric a¢id (70 milliliters concentrated
acid in 1000 milliliters of water). The product was fil-
tered and air dried yielding 97 grams of N-(4-
anilinophenyl) methacrylamide having a melting point

‘between 103° C. and 105° C. The yield was 59 percent.

EXAMPLE 2

A one liter flask was charged with 73.5 grams of p-
aminodiphenylamine and 300 milliliters of toluene
under a slow nitrogen purge. The solution was heated
and stirred until solution was achieved. Twenty-seven
grams of sodium methoxide was added and the solution
was stirred for 5 minutes. 58.5 Grams of methyl benzo-
ate and 100 milliliters of toluene were added and the
mixture was heated to reflux forming a white salt.
Methanol was formed as described in Example 1. Ap-
proximately 30 milliliters of toluene/methano! azeo-
trope was collected while the reflux temperature rose

from 68° C. to 100° C. An additional 220 milliliters of

azeotrope was distilled off over a five hour period. The
reaction flask was cooled in a water bath and 200 milli-

liters of hexane was added. The solution was stirred for:

an additional 10 minutes. The salt formed was filtered
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from the solution, hydrolyzed with dilute hydrochloric
acid and air dried, yielding 73.1 grams (63.4 percent)

of N-4-anilinophenyl benzamide having a melting point

‘between 160° C. and 163° C.

EXAMPLE 3

A one liter flask was charged with 73.5 grams of p-
aminodiphenylamine and 400 milliliters of toluene
under a slow nitrogen purge. The mixture formed a so-
lution and 27 grams of sodium methoxide was added.
The mixture was stirred for 5 minutes, 52.2 grams of
cthyl butyrate were added and the mixture heated to
reflux. The sodium salt was precipitated as a thick
semi-solid. Methanol was formed as described in Exam-
ple 1. 320 Milliliters of toluene/methanol azeotrope
.and excess toluene were. collected. The reaction flask
was cooled and 100 milliliters of hexane was added.
The cxcess liquid was decanted and discarded. Fresh
hexane (200 milliliters) was added to the salt. The salt
was filtered and washed with hexane until the filtrate
solution was clear. The washed salt was hydrolyzed
with excess dilute hydrochloric acid and dried in air
yielding 91.7 grams (90%) of N-(anilinophenyl)-n-
butyramide having a melting point between 93°C. and
95°C. '

EXAMPLE 4

A 500 milliliter flask was charged with 44.5 grams of
N-isopropyl-p-phenylenediamine, 15.4 grams of so-
dium methoxide and 200 milliliters of xylene while
under a slow nitrogen purge. The reaction mixture was
warmed to between 80° C. to 90° C. Thirty-five grams
of methyl methacrylate was added over a 20 minute
period. The solution was heated to low reflux (60°-70°
C.) forming a sodium salt and 30 milliliters of distillate
was collected. The reaction flask was cooled to 40° C.
and the contents filtered while:still warm. The salt was
isolated and washed with xylene and hexane before
‘being dried in air. The sait was hydrolyzed by adding
excess dilute acetic acid, filtered, and air dried at 50°
C. overnight. The yield was 33.25 (51%) grams of
N-(4-isopropylphenyl) methacrylamide having a melt-
ing point between 130° C. and 134° C. '

EXAMPLE 5

A one-liter flask was charged with 70.7 grams of p-
aminodiphenylamine, 72.3 grams of cthyl cinnamate
and 300 milliliters of toluene. The solution was warmed
and stirred. until the p-aminodiphenylamine was dis-
-solved. 24.3 Grams of sodium methoxide was added
and the solution was stirred for an additional 5 minutes.
-72.3 Grams of ethyl cinnamate was added, along with
‘an additional 100 milliliters of toluene. The mixture
was heated to reflux and 230 milliliters of toluene were
“distilled off. A very thick. bright yellow salt remained
in the flask. The flask was cooled, 200 milliliters of hex-
ane were added and the solution was stirred for an ad-
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‘ditional 5 minutes. The salt was filtered off and washed

‘with hexane. After drying partially, the salt was placed
{in a blender with 1 liter of dilute hydrochloric acid (60
‘milliliters in 1.000 milliliters of water) and blended for
.2 minutes. The product was filtered, washed with water
‘and air dried for 72 ‘hours at 50° C. The product, N-
(anilinophenyl) cinnamamide, was obtained as a bright
- green-yellow powder having a melting point between
172° C. and 175° C..The yicld was 110.5 grams or 91
percent. o
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The product can also be recrystallized using an
acctone/hexane azeotrope (124 milliliters of hexane
and 149 milliliters of acetone) having a boiling point of
49°C.,

EXAMPLE 6

A 500 milliliter flask was charged with 26.4 grams of
2.,6-di-t-butyl-4-amino phenol. 150 milliliters of xylene
and 7.56 grams of sodium methoxide. The mixture was
warmed to between 60° C. and 80° C. and 20 milliliters
of methyl methacrylate was added dropwise over a 15
minute period. Methanol formed as described in Exam-
ple 1. The solution was heated until methanol ccascd
to distill from the solution. During the reaction an in-
termediate methacrylic salt formed. The flask was
cooled. 100 milliliters of hexane and' 100 milliliters of
dilute hydrochloric acid were added with vigorous stir-
ring. The mixture was placed in a beaker. One hundred
milliliters of hexane was added and the salt was filtered
from the solution. The salt was washed with hexane
until the filtrate was clear and then air dried. The yield
was 27.85 grams (80%) of 3,5-di-t-butyl-4-hydroxy
phenyl methacrylamide having a melting point between
218° C. and 224° C.

The compounds prepared above were tested as de-
scribed below.

N-4-anilinopheny! ‘methacrylamide was copolymer-
ized in a free radical polymerization with 67 parts of
butadiene and 33 parts of acrylonitrile using cumene
hyperoxide (CHP) as the initiator in the recipe set out
below. The reaction was carried out at a temperature
of 15°C. for 16-hours. Sodium dimethyldithio carba-
mate was used to shortstop the reaction.

Butadicne 67.00
Acrylonitrile 33.00
Water 190.00
Soap 2.50
Naz PO, . : .20
Versene Feg ¢in 5 ce L0173 N H.SOQy) 0568
Fe;SO,4 . TH,O 0144
Sodium formaldehyde sulfoxylate 0412 -
Tert.dodecyl mercaptan S
Cumene hydroperoxide 06
N-4-anilinophenyl methacrylamide sumples 1.80

A control sample of N-4-anilinophenyl methacrylam-
ide made by the methacryloyl chloride process was also
run at two different ‘initiator levels for comparative
data. The polymer formed was coagulated with mctha-
nol, extracted for 48 hours with methanol to remove
any residual antioxidant, dried and dissolved in ben-
zene. The benzene solution was allowed to evaporate
in an-aluminum tray and oxygen absorption measure-
ments were made on the resulting polymer films. The
results are given in Table 1.

Table 1
. Percent Hours to 0.25%
CHP (pts) Conversion Q, at 100°C.
*MMP 06 g6 122
MMP 0236 74 267
**MCP 06 Y2 157
MCP 87 123

0236

*MMP — Methyl methacrylate process
**MCP — Methacryloyl chloride process
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The copolymerization ability of four different N-4-
anilinophenyl methacrylamide samples were compared
in the butadiene/acrylonitrile recipe set out above.
Samples | and 2 were products of the ester/amine syn-
thesis where the intermediate metallic salt was not iso-
lated and the entire solution containing the salt was hy-
drolyzed. Sample 3 was produced using the process of
the present invention wherein the intermediate meiallic
salt was isolated and washed free of contaminates.
Sample 4 was produced using the conventional methac-
ryloyl chloride acylation process known to the art.

Copolymerization in all cases was carried out at a
temperature of 15° C. for 16 hours using the same rec-
ipe set out above. The reaction was shortstopped using

sodium dimethyldithio carbamate. The reaction mix- -

ture was poured into excess agitated isopropyl alcohol
to coagulate the polymer. No polymer formed when
samples 1 and 2 were used. Percent conversion to the
polymer form for samples 3 and 4 was calculated based

on the weight of the recipe ingredients. The results are’

set forth in Table II. _
Table II -

Percent Conversion
Polymer Sample (15°C.) 16 hrs.
I no salt isolation ¢
2 no salt isolation 0
3 salt isofated and washed 86
4  pure product 94

Table II shows that the antioxidant product of previ-
ous ester/famine reactions contains polymerization
stopping-impurities as exemplified in samples 1 and 2.
Sample 3 shows that by separating, hydrolyzing and
washing the metallic salt without also hydrolyzing the
solution containing the impurities, copolymerization
can be accomplished without lengthy and costly purifi-
cation of the antioxidant comonomer. Sample 4 shows
the purity and copolymerization ability of the amide
produced by the methacryloyl chloride process for
comparative purposes.

Some compounds yield intermediate salts which are
" liquids or semi-solids. Such salts are not susceptible to
filtration but can be extracted or washed by decanta-
tion of the solvent. The present process is applicable,
with variation of separation techniques, to various am-
ides.

All alkoxide, amide and hydride bases  disclosed
herein are understood to be alkali metal alkoxides, am-
ides and hydrides. Representative examples of these
bases are given.

While certain representative embodiments and de-
tails have been shown for the purpose of illustrating the
invention, it will be apparent to those skilled in this art
that various changes and modifications may be made
herein without departing from the spirit or the scope of
the invention.

I claim:

1. An improved process for the synthesis of an anti-
oxidant amide comprising reacting a simple aliphatic or
aromatic ester, cither saturated or unsaturated having
the general formula (A)
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"general formula (D)

8
[0} C
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Rl -c-0-R? (A)

with an aromatic amine having the general formula (B)

in the presence of (C), a base selected from the group
consisting of alkali- metal’ alkoxides. amides and hy-
drides to yield an intermediate metallic salt, the im-
provement comprising removing the salt, washing the
salt with an organic solvent and hydrolyzing the salt
with dilute acid to form an antioxidant amide of the

(B)

. o]
) " H "

wherein R! is selected from the group consisting of
alkyl radicals having from one to 20 carbon atoms, aryl
radicals having from six to 12 carbon atoms, cycloalkyl
radicals having from five to 12 carbon atoms, alkenyl
radicals having from two to 10 carbon atoms, R? is se-
lected from the group consisting of alkyl radicals hav-

- ing from one to 10 carbon atoms, and alkenyl radicals
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- having from two to 10 carbon atoms and wherein R? is

selected from the group consisting of alkyl radicals hav-
ing from one to 20 carbon atoms, cycloalkyl radicals
having from five to 12 carbon atoms, aryl radicals hav-

‘ing from six to-12 carbon atoms and aralkyl radicals

having from seven to 13 carbon atoms.

2. A process as described in claim 1 above wherein
the ester is selected from the group consisting of methyl
methacrylate, ethyl laurate, methyl isobutyrate, methyl

‘benzoate, methyl phenyl acetate, ethyl cinnamate,

ethyl crotonate and ethyl acetate.

3. A process as described in claim 2 wherein the pri-
mary aromatic amine is selected from the group .con-
sisting of p-aminodiphenylamine; N-isopropy! paraphe-
nylene diamine; 2,6-di-t-butyl-4-aminophenol; N-hexyl
paraphenylene diamine; 2,6-di-t-hexyl-4-aminophenol
and N-cyclohexyl paraphenylene diamine. o

4. A process as described in claim 3 wherein the reac-
tion takes place in the presence of a metal alkoxide se-
lected from the group consisting of sodium methoxide,
potassium methoxide, potassium tert.butoxide, lithium '
methoxide, sodamide, sodium tert.butoxide, sodium
cthoxide, sodium hydride and lithium hydride.

5. A process as described in claim 1 wherein the ester
is = methyl mecthacrylate, the amine - is = p-
aminodiphenylamine and the alkoxide is sodium meth-
oxide.

6. A process as described in claim 1 wherein the or-
ganic solvent is selected from the group consisting of:

benzene and toluene.
* * * * *




